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INTRODUCTION
Some field investigation reports after earthquake hazard showed that severe damage occurred in the pile foundations, not only cast-in-situ but also precast pile. Inertial forces due to building shaking induce overturning moment and base shear force. Both forces cause a high bending moment at the pile to pile cap connection and in the pile shaft beneath soil [1] , [2] . The sufficient moment capacity of the pile is required to prevent the pile damaged. Required confinement conducting by transverse reinforcement is also essential to avoid brittle failure. In the 1995 Hyougoken-Nanbu (Kobe) earthquake, more than thirty cases of pile damage were reported by Mizuno et al. [3] . Three types of failure mode are noted, 1) separation between pile caps and pile, 2) pile damage near to pile heads and 3) pile damage below ground level. Post-earthquake investigations discovered some failure patterns occurred on precast prestressed concrete pile foundations, such as due to compressive, shear, combining shear and compressive, and flexure. The condition of the pile after excavation was depicted in Figure 1 . These types of failure were occurred on precast centrifugally compacted prestressed concrete piles (spun pile).
Starting from the Miyagiken-Oki earthquake in 1978, severe damage of precast prestressed spun concrete piles occurred. The piles with a prestress 4 Mpa were produced until 1984. New seismic design provisions for foundation piles were mandated by the Ministry of Construction in 1984, six years after the earthquake. In this code, piles are required to be designed to resist the loads elastically from the superstructure as large as 20% the weight of the superstructure. The piles were mainly produced with a prestressing 8 and 10 Mpa [4] .
Due to the Kobe Earthquake, large ground settlement and landslides caused damage to piles foundation. The inspection resulted by excavation showed that piles with prestressing 8 and 10 Mpa underwent shear damage on the pile to pile cap connection, and flexural failure occurred on the middle portion of pile shaft [4] . Precast prestressed pile damage due to Hyougoken-Nanbu (Kobe) earthquake 1995 [3] The current elastic design concept for the pile is not in line with the plastic design concept of superstructure against seismic design load corresponding to a base shear coefficient 0.3. Therefore, the design provision for spun piles should be revised to order to obtain ductile piles. Presently, spun piles are not provided with transverse reinforcement to resist shear and for the confinement of compressed concrete [4] . This paper primarily investigates the effect of the presence of infilling concrete on the flexural performance of spun pile under monotonic loading without axial load. The infilling concrete application as a concrete core is driven to prevent the inwards crushing of compression concrete fiber that causes the hollow prestressed pile to undergo a brittle failure, as predicted by previous research [5] . The inside face of the wall explosion occurred on a hollow pile [6] . For bending capacity, the greater confinement of the concrete core of the pile section was needed to provide higher ductility [7] , [8] . Infilling concrete as the core of the pile's section contributes to the increasing flexural strength of the pile [9] . The flexural strength, ductility factor capacity, and failure mechanism were discussed in this study. The effects of the axial load on the flexural performance of the pile are outside the scope of the present work. These effects will be examined in a future investigation using a cyclic load test.
METHODOLOGY

Dimensions of Specimens
Two spun piles with infilling concrete designated as M-DB-1 and M-DB-2 were prepared for testing under monotonic flexural load. The specimens were the piles that had structural details comparable to those commonly used in Indonesia.
The specimens had a hollow section of the outer 400 mm diameter with a wall thickness of 75 mm. The distance from the center of the longitudinal PC bar to the outside surface of the concrete was 37.5 mm. The reinforcement of the specimens was a single layer reinforcement consisted of ten PC bars with 7.1 mm diameter as longitudinal reinforcement and 3.2 mm diameter of wire as transverse reinforcement with 100 mm spacing. Figure 2 showed the details of the cross-section and the reinforcement of specimens. 
Properties of Materials
The essential data of material properties of the specimen were the compressive test of concrete of spun pile and infilling concrete and tensile test of steel, both longitudinal and transverse reinforcement. The average measured compressive concrete strength at 28-day was 58.4 MPa. The infilling concrete strength was 26.9 MPa. The tensile test result of PC bar 7.1 mm as longitudinal reinforcement and wire 3.2 mm as the transverse reinforcement was shown in Figure 3 . Three samples were tested under tensile load, both PC bar and wire. According to the stressstrain result, an idealization of stress-strain was developed.
The summary of the mechanical properties of the PC bar and spiral reinforcement were described in Table 1 . The yield and ultimate stress of the PC bar were 1,404 Mpa and 1,469 Mpa, while the yield and ultimate tensile strain of the PC bar were 0.007 and 0.023. The yield and ultimate stress of wire, transverse reinforcement, was 596 Mpa and 712 Mpa, while the yield and ultimate tensile strain of wire were 0.0037 microstrains and 0.0044 microstrains. 
Producing of Specimen
The stages of the production of specimens were shown in Figure 4 . The spun piles were produced in the precast concrete factory. The prestressing force was applied to the spun pile by the pretension method. Before casting concrete, strain gauges were mounted on the PC bar and spiral reinforcement to measure the strain during loading. After the concrete was poured entirely and the mold cover was closed, the prestressing force was applied to the PC bar by prestressing jacks ( Figure  4a ). The tensile strain of the PC bar due to prestressing is 5,000 micro strains caused the tensile force 1,101 MPa. After casting the spun pile by the spinning method ( Figure 4b ), at age 6.5 hours, the stress of the PC bar was transferred to concrete by the demolding of concrete ( Figure 4c ). The initial prestress was 5.4 MPa. The casting of infilling concrete conducted by vertical position (Figure 4d ). 
Setting up of Testing
The schematic view of the four points loads testing setup of the specimen, as shown in Figure 5 . According to JIS 5335 1987 [10] , for the length of the pile (L) 6 m, the specimens were supported by pin support developed shear span of specimen 3.6 m (3/5L) and cantilever in left and right side of pin support 1.2 m (1/5L). Applied load at the center of length (P) is distributed as two points load (P/2) with a distance of each load 1 m.
The Instruments of Measurement
The parameters study in this research were the displacement ductility factor, cracking and ultimate moment capacity, and the strain of the PC bar and concrete. Therefore, the lateral load, displacement, and strain data were recorded to examine the flexural performance of the spun pile. The lateral load was recorded from the Universal Testing Machine (UTM) load control machine ( Figure  5 ). The displacement in the middle span of the specimen was recorded using LVDT, as shown in Figure 6 . The strain of PC bar, spiral reinforcement, and concrete recorded by the strain gauge. The position of those strain gauges shown in Figure 7 . The longitudinal strain of concrete was recorded on extreme compressive fiber (top surface), while the PC bar's strain recorded on two layers of reinforcement on the bottom side (PC bar 1 and PC bar 2) and topside (PC bar 3 and PC bar 4). For measuring the confinement concrete, two strain gauges were mounted on spiral reinforcement. 
RESULT AND DISCUSSION
The flexural performance of all specimens was examined from the bending test results. The measured load (moment)-displacement relationship and strain behavior of concrete, PC bar and, spiral reinforcement were analyzed. Ultimate displacement, ductility factor, cracking, yield, and ultimate moments were analyzed from loaddisplacement data while the failure mode was analyzed from strain's data of PC bar and concrete. The displacement ductility factor analysis was conducted corresponding to Japan seismic design provision and NEHRP 2000.
Load-Displacement
The curves of the lateral load versus the displacement at the middle span of the spun pile with concrete infilling were shown in Figure 8 . Both curves were denoted the summary of the moment capacity of the spun pile with infilling concrete as shown in Table 2 . The average cracking and ultimate moment was 62.2 kNm and 100.4 kNm, respectively. The previous research, Irawan et al. (2016) conducted testing on the hollow spun pile resulted from load and displacement curve as shown in Figure 9 [12] . As shown at Table 3 , the hollow spun pile had the average of the cracking and the ultimate moment 59.5 kNm was 103.3 kNm, respectively. The hollow spun pile had the average of the cracking and the ultimate moment 59.5 kNm was 103.3 kNm, respectively. The presence of concrete slightly increases the cracking moment of the spun pile. The ultimate strength was not to be affected due to the presence of infilling concrete. Figure 8 also depicted the yield and ultimate displacement of the pile. The yield state occurred when the PC bar stress attained yield condition. Whereas the ultimate state was described as the condition when spun pile failure. As shown in Table 4 , the yield and ultimate displacement were 6.1 mm and 31.6 mm, respectively. The average displacement ductility factor of the spun pile with infilling concrete was  = 5.2. It was higher 38% than hollow spun pile  = 3.7 as shown in Table 5 . The higher moment of inertia caused a pile with infilling concrete yielding in lower displacement compared with the hollow pile. Slightly higher ultimate displacement obtained due to the presence of infilling concrete. 
Failure Mechanism
Crack Pattern
Due to the monotonic flexural load without axial load failure pattern of the spun pile was dominated by cracking and no crushing of concrete on compressive fiber. Figure 10 shown this failure condition. The severe crack was visible on the spun pile shaft, almost all depth of pile's diameter. The crack was distributed through the length of the distance between the two points load. While peak load achieved, the crushing failure of concrete at compressive fiber did not occur, and the sound of the PC bar's breaking was heard. Therefore, the failure of the spun pile was initiated by the fracture PC bar.
Figure 10
The failure condition of specimen M-DB-1 after peak load achieved
The complete crack's pattern of all specimens was depicted in Figure 11 . Visually, failure's pattern of all tested spun pile was similar both hollows spun pile (M-TB) and spun pile with infilling concrete (M-DB). The extensive cracking occurred exceeded the level of PC bar 3 (343 mm from the bottom side of the pile, 86% of depth). The crushing of concrete did not occur in compressive fiber. A similar damage pattern was shown in previous research [19] , flexural testing on the spun pile generates cracks which distributed in the full range along with the pile. Figure 11 The crack patterns of the tested spun pile at the maximum load spun pile with concrete infilling Figure 12 The crack patterns of the tested spun pile at the maximum load spun pile without concrete infilling [12] 
The Strain of PC Bar and Concrete
The failure mechanism of the spun pile due to the flexural test was evaluated according to the recorded strain of PC bar, concrete, and spiral reinforcement. The position of strain gauge was shown in Figure 7 . The strain data of the PC bar was recorded both on compressive and tensile fiber. Meanwhile, the longitudinal strain of concrete data just recorded on compressive fiber. The concrete confinement by spiral transverse reinforcement of the pile was analyzed using the strain mounted on spiral reinforcement. The recorded strain's data of PC bars and concrete of spun pile with concrete infilling M-DB during testing was shown in Figure 12 . Comparing with the previous testing results of the spun pile without infilling concrete Figure 12 , Both specimens, M-DB and M-TB had a similar development of strain's pattern either tensile strain of PC bar or compressive strain of concrete. At the ultimate state, the maximum strain of concrete on extreme compressive fiber was 0.0021 and 0.0023 for specimen M-DB-1 and M-DB-2, respectively. These strains were less than the crushing strain at the extreme concrete compressive fiber 0.003 [11] , therefore, the concrete on extreme compressive fiber was not crushing.
The recorded strain of the PC bar depicted before peak load was attained the tensile strain of PC bars was increasing plastically. The recorded maximum strain was around 0.012. The strain rapidly increased until the maximum moment achieved. Afterward, the strain of the PC bar suddenly decreased. It denoted that the PC bar was broken. The ultimate tensile strain of the PC bar could not record by the strain gauge. From tensile properties data, the predicted tensile strain of the PC bar was = 0.023 − 0.005 = 0.018, whereas 0.023 and 0.005 is the ultimate strain and initial prestressing strain of PC bar, respectively.
By recorded strain data of the PC bar explained above, the failure occurred due to the breaking of the tension PC bar. This failure mechanism of the PC bar was similar to previous research [19] . The crushing of the compression concrete of the pile section did not occur. The strain of PC bar and concrete at the ultimate condition was shown in Figure 14 . The position of the neutral axis was almost depth of pile (yb = 362 mm). This data was conformable with crack distribution (Figure 11 ).
Distinct failure mechanisms of hollow section piles were obtained from this test, no crushing occurred. Generally, the ultimate states of a hollow column or pile were initiated by concrete crushing on compressive fiber [15] , [17] . For a large diameter of the circular hollow column, an explosion occurred on the inside surface of the concrete wall on compressive fiber [18] . 
The Strain of Spiral Transverse Reinforcement
The recorded strain of spiral reinforcement was shown in Figure 15 and Figure 16 . Small tensile strains of spiral transverse reinforcements were recorded. It indicated that the confinement of concrete did not work significantly. The tensile strain of spiral reinforcement in the flexural region was less than 200 microstrain (0.0002), did not reach the yield strain 0.0037 before failure. The spiral confinement phenomena did not occur. These facts suggest that the limited lateral pressure is induced in the concrete wall, and thus, the inside face concrete of the spun pile is subjected to poor confinement [17] , [18] , [6] . [1] , [9] . Therefore, in addition to confinement of compression concrete, the ultimate capacity of tensile reinforcement also determined the flexural performance of the spun pile. An adequate amount and sufficient ultimate tensile strain capacity of longitudinal reinforcement should be provided to obtain high strength and ductility factor of the spun pile.
The confinement of concrete behavior of the hollow concrete column is different from that established for solid sections [16] . The presence of infilling concrete contributed a relatively minor role in the confining strain of spiral transverse reinforcement. If the compression zone of a concrete member has adequate confinement, the ductility of the concrete may be greatly improved, and a more ductile performance of the member at the ultimate load will result [20] . 
Displacement Ductility Factor Analysis
According to NEHRP 2000 and Japan seismic design provision for the foundation, there are three states of pile foundation corresponding to the value of displacement ductility factors provided by pile members. The limits values of displacement ductility factors are obtained on the testing results. The summary of the requirements was depicted in Table  6 [13], [14] . Although the pile foundation reaches the limit state, superstructures not collapse.
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Figure 17
The displacement ductility factor of tested piles and seismic codes requirement
The analysis of the seismic performance of the spun pile was conducted by comparing the displacement ductility factor of tested piles with code requirements. According to Table 4 and Table  5 , the displacement ductility factor of the spun pile with infilling concrete was more than 4, as shown in Figure 17 . These ductility factors were included moderate seismic risk use range. Therefore, the tested pile was appropriate to be used in a moderate seismic area. In application, due to seismic load, the piles were required to remain in the elastic state, do not yield. Further research was required to obtain a ductile spun pile with high displacement ductility factor capacity to be used on moderate or high seismic risk areas.
CONCLUSION
Experimental investigations on the influence of infilled concrete in pure flexural behavior of large-scale spun piles were undertaken. From the experiment presented, it can be concluded that infilled concrete does increase the cracking moment resistance, while the yield and ultimate moment resistance seem unaffected. Comparing to the results of the ordinary hollow spun pile, it is also found that the ductility of the spun pile with infilled concrete is increased by circa 38%. Accordingly, the failure of the spun pile observed during the experiment was generally triggered by the fracture of the PC bar(s) prior to concrete crushing at extreme compression fiber. Apart from the experimental results, analysis referring to design code NEHRP 2000 was carried out to examine the appropriate use of this member in the earthquake region. It is found that the proposed spun pile is suitable in a moderate seismic risk area. In application, due to seismic load the piles were required to remain in the elastic state, do not yield. Further research was required to obtain a ductile spun pile with high displacement ductility factor capacity to be used on high seismic risk areas.
